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ā$EVWUDFW±7KLVSDSHUVWXGLHVWKHSHDNDUPDWXUHDQG
SHDN ILHOG ZLQGLQJ FXUUHQWV IRU WKUHH GLIIHUHQW
WRSRORJLHV RI  0: SDUWLDO +LJK 7HPSHUDWXUH
6XSHUFRQGXFWLQJ *HQHUDWRUV +76*V XQGHU 6KRUW
&LUFXLW &RQGLWLRQV 6&& E\ VLPXODWLRQ 7KH
LQYHVWLJDWHG SDUWLDO +76*V HPSOR\ FRSSHU DUPDWXUH
ZLQGLQJV DQG VXSHUFRQGXFWLQJ ILHOG ZLQGLQJV ZLWK
GLIIHUHQWDUPDWXUHDQGURWRU WRSRORJLHV LH LURQFRUHG
DUPDWXUHDQGURWRUDLUFRUHGDUPDWXUHDQGURWRUDQG
LURQ FRUHG DUPDWXUH DQG DLU FRUHG URWRU )RU HDFK
+76* WRSRORJ\ WKH LQYHVWLJDWLRQ LQFOXGHV L WKH ILHOG
ZLQGLQJ FXUUHQW FRQWURO VWUDWHJLHV LL WKH LQIOXHQFH RI
RSHUDWLQJ ILHOG FXUUHQW DQG LLL WKH UDWLQJV RI FLUFXLW
EUHDNHUVIRUOLPLWLQJWKHSHDNDUPDWXUHDQGSHDNILHOG
ZLQGLQJFXUUHQWV7KHUHVXOWVFDQSURYLGHJXLGHOLQHVIRU
GHWHUPLQLQJWKHSHDNDUPDWXUHDQGSHDNILHOGFXUUHQWV
RI +76*V DQG DOVR WKH SRVVLELOLW\ RI OLPLWLQJ WKHP E\
HPSOR\LQJFLUFXLWEUHDNHUVXQGHU6&&

,QGH[7HUPV±DLUFRUHGIDXOWFRQGLWLRQVLURQFRUHG
VKRUWFLUFXLWVXSHUFRQGXFWLQJPDFKLQHV
, ,1752'8&7,21
LQG SRZHU JHQHUDWLRQ LV RQH RI WKH IDVW JURZLQJ
UHQHZDEOH WHFKQRORJLHV ,Q RUGHU WR PHHW WKH
LQFUHDVLQJ HQHUJ\ GHPDQG DQG UHGXFH WKH FRVW RI HQHUJ\
ZLQG WXUELQHV ZLWK KLJKHU SRZHU UDWLQJV DUH QHHGHG )RU
RIIVKRUH ZLQG WXUELQHV SRZHU UDWLQJV RI  0: DQG
DERYH DUH EHLQJ FRQVLGHUHG DV WKH PRVW SURPLVLQJ IRU WKH
QHDUIXWXUH7KLVLVGXHWRWKHIDFWWKDWWKHIRXQGDWLRQFRVW
ZKLFK LV WKH PRVW SUHGRPLQDQW LQFUHDVHV VORZHU WKDQ WKH
FRVW RI WKH SRZHU UDWLQJ >@ $V D FRQVHTXHQFH RI KLJK
SRZHU UDWLQJV ODUJH VFDOH GLUHFW GULYH JHQHUDWRUV ZLWK
FRQYHQWLRQDO WRSRORJLHV EHFRPH ODUJH DQG KHDY\ 7KLV
LQFUHDVHV WKH GLIILFXOWLHV IRU WKHLU LQVWDOODWLRQ DQG

7KH ZRUN LV ILQDQFLDOO\ VXSSRUWHG E\ WKH (XURSHDQ 8QLRQ¶V 6HYHQWK
)UDPHZRUN 3URJUDPPH IRU UHVHDUFK WHFKQRORJLFDO GHYHORSPHQW DQG
GHPRQVWUDWLRQ XQGHU JUDQW DJUHHPHQW 1R  3URMHFW QDPH
,QQRYDWLYH :LQG &RQYHUVLRQ 6\VWHPV 0: )RU 2IIVKRUH
$SSOLFDWLRQV,11:,1'
) 9HGUHxR6DQWRV ZDV ZLWK WKH 8QLYHUVLW\ RI 6KHIILHOG DQG LV QRZ
ZLWK WKH6FKRRORI(QJLQHHULQJ	%XLOW (QYLURQPHQW(GLQEXUJK1DSLHU
8QLYHUVLW\ (GLQEXUJK (+ '7 8. HPDLO
IYHGUHQRVDQWRV#QDSLHUDFXN
<*XDQ*-/L02GDYLFDQG=4=KXDUHZLWKWKH'HSDUWPHQWRI
(OHFWURQLF DQG (OHFWULFDO (QJLQHHULQJ 8QLYHUVLW\ RI 6KHIILHOG 6KHIILHOG
6-' 8. HPDLO\JXDQ#VKHIILHOGDFXN PRGDYLF#VKHIILHOGDFXN
JOL#VKHIILHOGDFXN]T]KX#VKHIILHOGDFXN
=$]DUDQG$67KRPDVDUHZLWK6LHPHQV:LQG3RZHU6KHIILHOG6
+48.HPDLO]LDGD]DU#VLHPHQVFRPDUZ\QWKRPDV#VLHPHQVFRP
WUDQVSRUWDWLRQ OHDGLQJ WR LQFUHDVHG WRWDO FRVW RI HQHUJ\
RXWSXWRIZLQGWXUELQHV
6XSHUFRQGXFWLQJ*HQHUDWRUV6*VKDYHWKHSRWHQWLDORI
SURYLGLQJ KLJK SRZHU ZLWK VPDOOHU VL]H DQG ZHLJKW WKDQ
FRQYHQWLRQDO JHQHUDWRU WHFKQRORJLHV >@ 7KH PRVW
SUHGRPLQDQW+LJK7HPSHUDWXUH6XSHUFRQGXFWLQJ*HQHUDWRU
+76* LV WKH SDUWLDO 6* LH FRSSHU DUPDWXUH ZLQGLQJV
DQGVXSHUFRQGXFWLQJ ILHOGZLQGLQJV >@7KH WKUHHVWXGLHG
WRSRORJLHVIRUSDUWLDO+76*DUH
L %RWK LURQFRUHGDUPDWXUHDQGURWRUGHVLJQDWHGDV
³,URQFRUHG´
LL ,URQFRUHGDUPDWXUHDQGDLUFRUHGURWRUGHVLJQDWHG
DV³0L[HGFRUHG´
LLL %RWK DLU FRUHG DUPDWXUH DQG URWRU GHVLJQDWHG DV
³$LUFRUHG´
)XUWKHUPRUH LQ DGGLWLRQ WR WKH DERYH DIRUHPHQWLRQHG
WRSRORJLHV WKHUH LV DQ DLU FRUHG DUPDWXUH DQG LURQ FRUHG
URWRU WRSRORJ\ ZKLFK ZDV GLVFDUGHG DIWHU FRQVLGHULQJ LWV
DGYDQWDJHVDQGGLVDGYDQWDJHVGXHWRZHLJKWDQGHFRQRPLF
UHDVRQV
+RZHYHU UHJDUGOHVV RI WKH FKRVHQ WRSRORJ\ WKH +76
ZLQGLQJLVWKHPRVWH[SHQVLYHFRPSRQHQWRIWKHJHQHUDWRU
DQGKHQFHKDV WREHSURWHFWHGDJDLQVWHOHFWULFDO IDXOWV >@
$WKUHHSKDVHVKRUWFLUFXLWLVRQHRIWKHPRVWFULWLFDOIDXOWV
ZKLFKPD\KDSSHQLQDQHOHFWULFDOPDFKLQH:KHQDWKUHH
SKDVH VKRUWFLUFXLW RFFXUV DUPDWXUH FXUUHQW LQFUHDVHV
WRJHWKHU ZLWK ILHOG ZLQGLQJ FXUUHQW LQ RUGHU WR VDWLVI\ WKH
SULQFLSOHRIFRQVWDQWIOX[OLQNDJH>@
,W LV WKHUHIRUH PDQGDWRU\ WR PDNH VXUH WKDW WKH
PHFKDQLFDO GHVLJQ RI WKH 6* LV DEOH WR ZLWKVWDQG WKH
PHFKDQLFDOVWUHVVGXHWRVKRUWFLUFXLWFXUUHQWVDQGWRVHWWKH
YDOXHV IRU SURWHFWLRQ RI WKH V\VWHP )XUWKHUPRUH WKH
LQFUHDVHRI ILHOGZLQGLQJFXUUHQWGXH WR WKUHHSKDVH VKRUW
FLUFXLW PLJKW UHVXOW LQ FDWDVWURSKLF FRQVHTXHQFHV VLQFH WKH
VWDWHRI VXSHUFRQGXFWLYLW\RI D+76 PDWHULDO LV OLPLWHG E\
LWV FULWLFDO WHPSHUDWXUH FXUUHQW GHQVLW\ DQG PDJQHWLF ILHOG
>@ +HQFH LW LV QHFHVVDU\ WR WDNH LQWR DFFRXQW WKH
PD[LPXPYDOXHVRIWKHDUPDWXUHDQGILHOGZLQGLQJFXUUHQWV
IRUWKHHOHFWURPDJQHWLFGHVLJQRIWKH+76*
0DQ\ UHVHDUFKHUV KDYH UHFHQWO\ IRFXVHG RQ WKH GHVLJQ
RI 6*V >@>@ +RZHYHU WKUHHSKDVH 6KRUW&LUFXLW
&RQGLWLRQV 6&& DUH QRW WDNHQ LQWR DFFRXQW GXULQJ WKH
HOHFWURPDJQHWLFGHVLJQVWDJH/LWHUDWXUHVWKDWGHDOZLWK6*V
XQGHU IDXOW FRQGLWLRQV DUH OLPLWHG >@ >@>@ ,Q >@ D
VHULHV RI VLPXODWLRQV DUH FDUULHG RXW WR VWXG\ WKH ORVV RI
VXSHUFRQGXFWLYLW\ RI D ILHOG FRLO LQ D09$6* XQGHU
IDXOWFRQGLWLRQVWKDWFDQFDXVHWKHTXHQFKLQ+76PDWHULDOV
LQ WHUPV RI L FXUUHQW LL WHPSHUDWXUH DQG LLL PDJQHWLF
:
&RPSDULVRQRI3HDN$UPDWXUHDQG)LHOG:LQGLQJ
&XUUHQWVIRU'LIIHUHQW7RSRORJLHVRI0:
6XSHUFRQGXFWLQJ*HQHUDWRUVXQGHU6KRUW&LUFXLW
&RQGLWLRQV
)9HGUHxR6DQWRV<*XDQ=$]DU6HQLRU0HPEHU,((($67KRPDV*-/L0HPEHU,(((
02GDYLF0HPEHU,(((=4=KX)HOORZ,(((
ILHOG>@4XHQFKLVPRVWOLNHO\WRRFFXUZKHQWKHRSHUDWLQJ
FXUUHQWRI WKH ILHOGZLQGLQJH[FHHGV WKHFULWLFDO FXUUHQWRI
WKH+76PDWHULDO,WLVDOVRVWDWHGWKDWLIWKHWUDQVLHQWVKRUW
FLUFXLW ILHOG FXUUHQW VOLJKWO\ H[FHHGV WKH FULWLFDO YDOXH WKH
WKHUPDO TXHQFK KLJK LQFUHDVH RI WKH WHPSHUDWXUH LQ WKH
ILHOG ZLQGLQJ FRLO GRHV QRW DSSHDU DQG WKH FRLO LV DEOH WR
UHWXUQ WR LWV VXSHUFRQGXFWLQJ VWDWH +RZHYHU ZKHQ WKH
WUDQVLHQW VKRUWFLUFXLW ILHOG FXUUHQW H[FHHGV LWV FULWLFDO
FXUUHQW E\ PRUH WKDQ  WKH ILHOG ZLQGLQJ LV XQDEOH WR
UHWXUQWRWKHVXSHUFRQGXFWLQJVWDWHVLQFHWKHWKHUPDOTXHQFK
DSSHDUV DQG WKH FRROLQJ V\VWHP LV XQDEOH WR NHHS WKH
WHPSHUDWXUHORZHQRXJK)XUWKHUPRUHZKHQDIDXOWRFFXUV
WKH PDJQHWLF ILHOG DW WKH ILHOG ZLQGLQJ FRLO H[FHHGV LWV
FULWLFDO YDOXH >@ +RZHYHU D PRUH UHFHQW WKHRUHWLFDO
VWXG\SUHVHQWHGLQ>@SURYHVWKDWWKHPDJQHWLFILHOGGRHV
QRWH[FHHGWKHFULWLFDOYDOXHXQGHUIDXOWFRQGLWLRQVVLQFHWKH
PD[LPXP PDJQHWLF ILHOG LQ WKH ILHOG ZLQGLQJ FRLO RFFXUV
ZKHQ LW RSHUDWHV XQGHU QRORDG FRQGLWLRQV ZKHUHDV WKH
ORZHVW YDOXH RFFXUV ZKHQ WKH V\VWHP LV XQGHU IDXOW
FRQGLWLRQV
,Q>@WKHH[SHULPHQWDOVWXG\RIDN:+76*ZLWK
DQ LURQ FRUHG DUPDWXUH DQG DLU FRUHG URWRU XQGHU WKUHH
SKDVH VKRUWFLUFXLW FRQGLWLRQV LV SUHVHQWHG ,W LV FRQFOXGHG
WKDW LI WKH IDXOW LV FOHDUHG LQ D VKRUW WLPH DIWHU WKH
RFFXUUHQFH RI VKRUWFLUFXLW WKH WHPSHUDWXUH RI WKH
VXSHUFRQGXFWLQJ ILHOG ZLQGLQJ ZLOO QRW EH DIIHFWHG
)XUWKHUPRUH WKH FRQWURO LV XQDEOH WR SUHYHQW WKH SHDN
DUPDWXUH DQG SHDN ILHOG ZLQGLQJ FXUUHQWV IURP H[FHHGLQJ
WKHLUFULWLFDOYDOXHV ,W LV DOVRZRUWK QRWLFLQJ WKDW WKHSHDN
ILHOG ZLQGLQJ FXUUHQW KDV D OLQHDU GHSHQGHQF\ ZLWK WKH
RSHUDWLQJ ILHOG ZLQGLQJ FXUUHQW $ VLPLODU VWXG\ KDV EHHQ
FDUULHGRXWLQ>@IRUDN:+76*ZLWKERWKLURQFRUHG
DUPDWXUH DQG ILHOG URWRU $XWKRUV LQ >@ KDYH VKRZQ WKDW
WKH SHDN ILHOG ZLQGLQJ GHSHQGV OLQHDUO\ RQ WKH RSHUDWLQJ
ILHOG ZLQGLQJ FXUUHQW VLPLODU WR WKH ILQGLQJV LQ >@
+RZHYHU FRQWUDU\ WR >@ D VXGGHQ LQFUHDVH LQ WKH ILHOG
ZLQGLQJFXUUHQWKLJKHUWKDQRILWVFULWLFDOYDOXHGRHV
QRWSURGXFHWKHUPDOTXHQFKVLQFHWKH6*LVDEOHWRJREDFN
WRQRUPDORSHUDWLRQ5HJDUGLQJ WKHSHDNDUPDWXUHFXUUHQW
LWKDVEHHQ LQFUHDVHGE\ WLPHV IRUD+76* ZLWKDQ LURQ
FRUHGDUPDWXUHDQGDQDLUFRUHGURWRU>@DQGWLPHVIRUD
+76* ZLWKERWK LURQFRUHG DUPDWXUHDQG URWRU >@XQGHU
WKUHHSKDVH6&&
7KHDLPRI WKLVSDSHU LV WRSURYLGHVRPHJXLGHOLQHV WR
GHWHUPLQH WKH SHDN DUPDWXUH DQG SHDN ILHOG FXUUHQWV RI
+76*V XQGHU 6&& 0RUHRYHU WKH LQIOXHQFH RI WKH ILHOG
ZLQGLQJ FRQWURO RQ WKH DUPDWXUH DQG ILHOG FXUUHQWV LV
LQYHVWLJDWHG RQ WKUHH GLIIHUHQW  0: +76*V IRU ZLQG
WXUELQHV 7KH SDSHU LV RUJDQL]HG DV IROORZV ,Q VHFWLRQ ,,
WKH WRSRORJ\ RI HDFK LQYHVWLJDWHG +76* DV ZHOO DV WKH
HOHFWULFDO PRGHO IRU WKH 6&& DUH GHVFULEHG ,Q VHFWLRQ ,,,
WKHLQIOXHQFHRIWKHILHOGZLQGLQJFRQWUROLVVWXGLHGIRUHDFK
6* ,Q VHFWLRQ ,9 WKH LQIOXHQFH RI WKH RSHUDWLQJ ILHOG
FXUUHQW RQ ERWK SHDN DUPDWXUH DQG SHDN ILHOG FXUUHQWV LV
LQYHVWLJDWHG,QVHFWLRQ9WKHLQIOXHQFHRIWKHFOHDULQJWLPH
RI FLUFXLW EUHDNHUV IRU WKH VKRUW FLUFXLW LV UHVHDUFKHG
)LQDOO\VHFWLRQ9,LVWKHFRQFOXVLRQV
,, +76*$1'6+257&,5&8,702'(/6
$ +76*7RSRORJLHV
,Q RUGHU WR KDYH D IDLU FRPSDULVRQ WKH WKUHH PDMRU
SDUWLDO +76*V LQYHVWLJDWHG DUH GHVLJQHG IRU WKH VDPH
VSHFLILFDWLRQVUDWHGSRZHU OLQHWROLQHYROWDJH IUHTXHQF\
VORWVDQGSROHQXPEHUDQGVSHHG
7KH +76*V DUH RSWLPL]HG IRU WKH VDPH VWDWRU FRSSHU
ORVVN:FRQVLGHULQJWKHHQGZLQGLQJORVVHV7KHILHOG
ZLQGLQJ LV GHVLJQHG ZLWK WKH VHFRQG JHQHUDWLRQ +76
PDWHULDO <%&2 7KH RSHUDWLQJ WHPSHUDWXUH RI WKH +76
PDWHULDO LVDVVXPHG WREH.7KHFULWLFDOFXUUHQWRI WKH
+76PDWHULDOLVVKRZQLQ)LJ7KHFXUUHQWGHQVLW\RI6&
FRLO KDV DRI VDIHW\ PDUJLQ LQ UHVSHFW WR PD[LPXP
ORDG WKH +76*V FDQ HQGXUH IRU WKH ,URQ FRUHG WRSRORJ\
ZKHUHDV IRU WKH0L[HGDQG$LUFRUHGWRSRORJLHVWKHVDIHW\
PDUJLQLV)RUHDFK+76*WKHVWDWRU\RNHWKLFNQHVV
VWDWRU VORW KHLJKW DQG ZLGWK DQG URWRU SROH ZLGWK6& FRLO
SLWFKDUHJOREDOO\RSWLPL]HGWRDFKLHYHWKHWDUJHWSRZHU
0:ZLWKWKHVKRUWHVWVWDFNOHQJWK


)LJ &ULWLFDO FXUUHQW GHQVLW\ YV IOX[ GHQVLW\ RI WKH 6& PDWHULDO *
+76<%&2

7KHGHVLJQRIWKH+76*ILQLVKHVE\DGGLQJWKHVFUHHQV
6FUHHQVDUHXVXDOO\FRQVWUXFWHGE\GUDZLQJXSRQHPSLULFDO
NQRZOHGJHVLQFHWKHHIIHFWLYHPHFKDQLVPVIRUWKHLUGHVLJQ
DUH UHODWLYHO\ FRPSOLFDWHG DQG GLYHUVH >@ $V D
FRQVHTXHQFH WKH VFUHHQV DUH LQLWLDOO\ GHVLJQHG EXW QRW
RSWLPL]HG IRU HDFK +76* 7KH FURVV VHFWLRQ IRU WKH ,URQ
0L[HGDQG$LUFRUHG+76*VKRZQLQ)LJDEDQGF
UHVSHFWLYHO\
7KHHOHFWULFDOPRGHORI+76*V LQGT IUDPH LV VKRZQ
LQ)LJ>@ZKHUH5VLVWKHVWDWRUUHVLVWDQFHSHUSKDVH/O
LV WKHVWDWRUOHDNDJHLQGXFWDQFH/PGDQG/PTDUH WKHGD[LV
DQGTD[LVPDJQHWL]LQJLQGXFWDQFHVYLHZHGIURPWKHVWDWRU
5¶NG 5¶NT DQG 5¶NT DUH WKH GD[LV UHVLVWDQFH DQG TD[LV
UHVLVWDQFHVRI WKHVFUHHQUHIHUUHGWRWKHVWDWRUUHVSHFWLYHO\
/¶NG /¶NT DQG /¶NT DUH WKH GD[LV DQG TD[LV OHDNDJH
LQGXFWDQFHVRIWKHVFUHHQUHIHUUHGWRWKHVWDWRUUHVSHFWLYHO\
7KHURWRURIWKH6*LVGHILQHGE\WKH5¶IDQG/¶OIGZKLFKDUH
WKH UHVLVWDQFH DQG OHDNDJH LQGXFWDQFH RI WKH URWRU ERWK
UHIHUUHGWRWKHVWDWRU)LQDOO\9[M[L[LI[DQGLN[UHSUHVHQW
WKHYROWDJHIOX[VWDWRUFXUUHQWILHOGFXUUHQWVFUHHQFXUUHQW
DQG[ GRUT IRUGRUTD[LV)LQDOO\Z5 UHSUHVHQWV WKH
DQJXODU IUHTXHQF\ )XUWKHU GHWDLOV DQG HTXDWLRQV IRU WKH
HOHFWULFDOPRGHOFDQEHIRXQGLQ>@
7KH GHVLJQ RI WKH +76* DQG WKH FDOFXODWLRQ RI LWV
SDUDPHWHUV LV GRQH E\ XVLQJ WKH ILQLWH HOHPHQW VRIWZDUH
0$;:(// $ VXPPDU\RI WKH PHFKDQLFDO DQGHOHFWULFDO
SDUDPHWHUVRIHDFKVWXGLHG+76*DUHJLYHQLQ7DEOH,

)LJ &URVVVHFWLRQVRID,URQE0L[HGDQGF$LUFRUHG+76*V

)LJ 6\QFKURQRXVPDFKLQHPRGHODGD[LVETD[LV>@
7$%/(, )($785(62)0:+76*
3DUDPHWHU ,URQ&RUHG
0L[HG
&RUHG
$LU
&RUHG
3RZHU0: 
/LQHWROLQHYROWDJH9 
)UHTXHQF\+] 
6ORWV 
3ROHQXPEHU 
6SHHGUSP 
6WDWRUGLDPHWHUP 
6XSHUFRQGXFWLQJPDWHULDO *+76<%&2
$[LDOOHQJWKP   
5RWRURXWHUGLDPHWHUP   
'LPHQVLRQVRI6&FRLOPP î î î
'LPHQVLRQVRI6&ZLUHPP [
/HQJWKRI6&ZLUHNP   
$UHDRI6&FRLOSHUSROH
PP   
6&FRLOFXUUHQWGHQVLW\
-6&$PP   
1XPEHURIWXUQVSHU6&FRLO   
:HLJKWRILURQW   
5DWHGILHOGFXUUHQW$   
6WDWRU &RUHW\SH ,URQ ,URQ $LU
5VSX   
/OSX   
/PGSX   
/PTSX   
5¶NGSX   
/¶ONGSX   
5¶NTSX   
/¶ONTSX   
5¶NTSX   
/¶ONTSX   
)LHOG
&RUHW\SH ,URQ $LU $LU
5¶IGSX   
/¶OIGSX   
% 6KRUW&LUFXLW0RGHO
7KH+76*LVPRGHOOHGLQ0$7/$%6LPXOLQNVRIWZDUH
DFFRUGLQJ WR WKH PRGHO GHVFULEHG )LJ  7KH DUPDWXUH
ZLQGLQJV DUH IHG E\ D EDODQFHG WKUHH SKDVH $& YROWDJHV
ZKHUHDVWKHILHOGZLQGLQJLVIHGWKURXJKDFRQWUROODEOH'&
YROWDJHVRXUFHDVVKRZQLQ)LJ7KHILHOGZLQGLQJODFNV
RI D GXPS UHVLVWRU VLQFH LW PLJKW QRW EH QHFHVVDU\ LQ UHDO
DSSOLFDWLRQV >@ DQG LWV LQIOXHQFH LV LQH[LVWHQW RQ WKHSHDN
ILHOG FXUUHQW >@ 7KH WKUHH DUPDWXUH SKDVH 6&& FDQ EH
VLPXODWHGDWDVSHFLILFWLPHE\WXUQLQJRQWKHWZRVZLWFKHV
6DQG6
6RPHDVVXPSWLRQVUHJDUGLQJWKH6&&KDYHWREHPDGH
%HIRUH VKRUWFLUFXLW DULVHV WKH +76* RSHUDWHV DW WKH UDWHG
FRQGLWLRQV7KH URWRU VSHHG LV DVVXPHG WR EH FRQVWDQW DQG
IL[HGDWWKHUDWHGVSHHGEHIRUHDQGDIWHUWKH6&&WRVLPSOLI\
WKH PRGHOOLQJ DOWKRXJK LQ UHDO FDVH WKH VSHHG YDULHV ZLWK
WLPH7KLVDVVXPSWLRQ LV UHDVRQDEOHEHFDXVH WKHFKDQJH LQ
WKHVSHHGLVQRWRQO\UHODWHGWRWKH+76*EXWDOVRZLWKWKH
VSHHGJRYHUQLQJ V\VWHP DQG WKH LQHUWLD RI WKH V\VWHP
ZKLFKLVTXLWHODUJHIRUGLUHFWGULYHZLQGWXUELQHV7KH$&
YROWDJH V\VWHP LV DOVR DVVXPHG WR EH DQ LQILQLWH SRZHU
VRXUFH

)LJ (OHFWULFDOVFKHPHIRU6&&
,,, ,1)/8(1&(2)),(/':,1',1*&21752/675$7(*<21
3($.$50$785($1'3($.),(/'&855(17681'(5
6&&
,QWKLVVHFWLRQWKHLQIOXHQFHRIWKHILHOGZLQGLQJFRQWURO
LVLQYHVWLJDWHGIRUWKHWKUHHGLIIHUHQW+76*V$WKUHHSKDVH
VKRUW FLUFXLW LV VLPXODWHG VWDUWLQJ DW  VHFRQGV ZKHQ WKH
+76*LVRSHUDWHGDWWKHUDWHGFRQGLWLRQV7KHVKRUWFLUFXLW
ODVWV IRU  VHFRQGV LQ RUGHU WR VHH WKH HIIHFW RI WKUHH
GLIIHUHQW ILHOG ZLQGLQJ FRQWURO VWUDWHJLHV RQ WKH DUPDWXUH
DQG ILHOG ZLQGLQJ FXUUHQWV IRU WKH WKUHH +76*V 7KH ILUVW
FRQWUROVWUDWHJ\&RQWURONHHSVWKHILHOGZLQGLQJYROWDJH
FRQVWDQW ZKLOH WKH VKRUW FLUFXLW RFFXUV )LJ  EOXH
VTXDUHV 7KH VHFRQG FRQWURO VWUDWHJ\ &RQWURO  UHGXFHV
WKH ILHOG ZLQGLQJ YROWDJH WR ]HUR GXULQJ WKH VKRUW FLUFXLW
)LJUHGFURVVHV7KHWKLUGFRQWUROVWUDWHJ\&RQWURO
UHYHUVHVWKHILHOGZLQGLQJYROWDJHXQGHU6&&)LJEODFN
GLDPRQGV

)LJ )LHOG YROWDJH DSSOLHG WR WKH ILHOG ZLQGLQJ YDULDWLRQ ZKHQ WKUHH
SKDVHVKRUWFLUFXLWRFFXUV
7KH XVH RI WKH ILUVW DQG VHFRQG FRQWURO VWUDWHJLHV GRHV
QRW LQYROYH DQ\ LQFUHDVH LQ WKH FRVW RI ILHOG ZLQGLQJ
FRQYHUWHU VLQFH WKHUH DUH QR FKDQJHV LQ WKH VXSSOLHG
YROWDJH IRU WKH ILUVW FRQWURO VWUDWHJ\ ZKLOVW IRU WKH VHFRQG
FRQWURO VWUDWHJ\ LW FDQ EH DFKLHYHG E\ VLPSO\ PDNLQJ D
VKRUWFLUFXLWLQWKHWHUPLQDOVRIWKHILHOGZLQGLQJ+RZHYHU
IRU WKH FDVH RI WKH WKLUG FRQWURO VWUDWHJ\ WKH FRVW RI ILHOG
ZLQGLQJFRQYHUWHULQFUHDVHVVLQFHLWLVQHFHVVDU\WRSURYLGH
WKH ILHOG FRQYHUWHU ZLWK WKH FDSDELOLW\ RI UHYHUVLQJ WKH
YROWDJH

)LJ )LHOGFXUUHQWYDULDWLRQZKHQWKUHHSKDVHVKRUWFLUFXLWRFFXUVD
,URQFRUHGE0L[HGFRUHGDQGF$LUFRUHG+76*

7KH YDULDWLRQV RI ILHOG ZLQGLQJ FXUUHQW DQG DUPDWXUH
FXUUHQW XQGHU 6&& DUH VKRZQ LQ )LJ  )LJ  DQG
VXPPDUL]HG LQ7DEOH ,,,W LV IRXQG WKDW WKHUH LVQHJOLJLEOH
LQIOXHQFHRIFRQWUROVWUDWHJLHVRQWKHSHDNDUPDWXUHFXUUHQW
IRU DOO WKUHH +76*V +RZHYHU IRU WKH LURQ FRUHG +76*
WKHFRQWURO VWUDWHJ\FDQ UHGXFH WKHSHDN ILHOG FXUUHQWE\
 FRPSDUHG WR FRQWURO VWUDWHJ\  )LJ  D )RU WKH
PL[HGDQGDLUFRUHG+76*VWKHUHGXFWLRQLV)LJ
E DQG )LJ  F +RZHYHU WKH LQIOXHQFH RI WKH ZLQGLQJ
ILHOG FRQWURO RQ WKH SHDN DUPDWXUH DQG ILHOG ZLQGLQJ
FXUUHQWVLVJHQHUDOO\QHJOLJLEOH
)RUDZLQGWXUELQHWKHIDXOWULGHWKURXJKFDSDELOLWLHVDUH
RIWHQ QHFHVVDU\ 7KLV FDQ EH DFKLHYHG E\ DSSO\LQJ WKH
FRQWURO VWUDWHJ\  ZKLFK PLJKW UHGXFH WKH ILHOG ZLQGLQJ
FXUUHQW WR DFFHSWDEOH YDOXHV IRU WKH PL[HG DQG DLU FRUHG
+76*V)LJ EDQG)LJ F VLQFHUHYHUVLQJWKH ILHOG
ZLQGLQJYROWDJHGULYHVWKHILHOGFXUUHQWWRWKHUDWHGFXUUHQW
YDOXH7KHHIIHFWRI WKH ILHOGZLQGLQJFRQWURO LVPLQRU IRU
WKH LURQ FRUHG +76* )LJ  D VLQFH UHJDUGOHVV RI WKH
FRQWUROVWUDWHJ\ WKHSHDNILHOGZLQGLQJFXUUHQWXQGHU6&&
LVDWOHDVWKLJKHUWKDQWKHUDWHGYDOXH
,W LV ZRUWK QRWLQJ WKDW WKH UHVXOWV DJUHH ZLWK WKH RQHV
SUHVHQWHG LQ >@ ZKHUH LW LV VWDWHG WKDW WKH ILHOG ZLQGLQJ
FXUUHQWLVLQIOXHQFHGRQO\E\DIHZSHUFHQWGXHWRWKHILHOG
ZLQGLQJFRQWUROVWUDWHJ\

)LJ $UPDWXUHFXUUHQWYDULDWLRQZKHQWKUHHSKDVHVKRUWFLUFXLWRFFXUV
D,URQFRUHGE0L[HGFRUHGDQGF$LUFRUHG+76*

7$%/(,, ())(&72)7+(&21752/675$7(*<217+(3($.
$50$785($1'3($.),(/':,1',1*&855(176
+76* &RQWUROVWUDWHJ\
3HDNILHOGFXUUHQW
SX
3HDNDUPDWXUH
FXUUHQWSX
,URQ
&RUHG
  
  
  
0L[HG
&RUHG
  
  
  
$LU
&RUHG
  
  
  

,9 ,1)/8(1&(2)23(5$7,1*),(/'&855(17213($.
$50$785($1'3($.),(/'&855(17681'(56&&
,QWKHSUHYLRXVVHFWLRQLWLVVKRZQWKDWWKHILHOGZLQGLQJ
FRQWUROVOLJKWO\LQIOXHQFHVWKHSHDNDUPDWXUHDQGSHDNILHOG
FXUUHQWV 7KH ZRUVW VFHQDULR LV ZKHQ WKH ILHOG ZLQGLQJ
FRQWURONHHSVWKHILHOGZLQGLQJYROWDJHFRQVWDQWDWLWVUDWHG
YDOXH ,Q WKLV VHFWLRQ WKH LQIOXHQFH RI WKH RSHUDWLQJ ILHOG
FXUUHQWRQWKHSHDNDUPDWXUHDQGSHDNILHOGFXUUHQWVXQGHU
6&&LVVWXGLHGZKHQWKHYROWDJHDWWKHILHOGZLQGLQJLVNHSW
FRQVWDQWDWWKHUDWHGYDOXH
7KH VWXG\ LV FDUULHG RXW E\ VLPXODWLQJ D WKUHHSKDVH
VKRUWFLUFXLW DW WKH +76* WHUPLQDOV )RU HDFK VWXGLHG
+76* WKUHH GLIIHUHQW RSHUDWLQJ ILHOG ZLQGLQJ FXUUHQWV
DQGSXKDYHEHHQFRQVLGHUHG
$ ,QIOXHQFHRQ3HDN$UPDWXUH&XUUHQW
7KH YDULDWLRQ RI SHDN DUPDWXUH FXUUHQW IRU HDFK
WRSRORJ\ LV SORWWHG DJDLQVW WKH RSHUDWLQJ ILHOG FXUUHQW LQ
)LJ  ,W VKRZV WKDW WKH SHDN DUPDWXUH FXUUHQW LV PXFK
KLJKHU a WLPHV WKHLU SX YDOXH IRU WKH PL[HG DQG DLU
FRUHG +76* WKDQ WKDW IRU WKH LURQ FRUHG +76* LQ ZKLFK
SHDNDUPDWXUHFXUUHQWLVRQO\DURXQGWLPHVLWVSXYDOXH
7KHVH KLJK YDOXHV RI WKH DUPDWXUH FXUUHQW XQGHU 6&&
DUH GXH WR ORZ YDOXHV RI WKH V\QFKURQRXV WUDQVLHQW DQG
VXEWUDQVLHQW UHDFWDQFHV RI +76* )LJ  VKRZV WKDW WKH
YDULDWLRQV RI WKH WKUHH SHDN DUPDWXUH FXUUHQWV IRU HDFK
+76* DUH OLQHDU ZLWK WKH RSHUDWLQJ ILHOG FXUUHQW
)XUWKHUPRUH LW FDQ EH FRQFOXGHG WKDW WKH PHFKDQLFDO
VXSSRUWVIRUWKHVWUXFWXUHRIWKHPL[HGDQGDLUFRUHG+76*V
QHHGWREHVWURQJHUWKDQWKDWIRUWKHLURQFRUHG+76*VLQFH
WKHSHDNDUPDWXUHFXUUHQWLVKLJKHUVRGRHVWKHWUDQVPLWWHG
PDJQHWLF IRUFH +HQFH WKLV KDV WR EH WDNHQ LQWR
FRQVLGHUDWLRQDWWKHGHVLJQVWDJHRIWKHPHFKDQLFDOVXSSRUW

)LJ 2SHUDWLQJILHOGFXUUHQWYVSHDNDUPDWXUHFXUUHQW
% ,QIOXHQFHRQ3HDN)LHOG&XUUHQW
$ VLPLODU DQDO\VLV WR WKDW FDUULHG RXW LQ WKH VXEVHFWLRQ
,9$LVGRQHIRUWKHSHDNILHOGFXUUHQWLQWKLVVXEVHFWLRQ
7KH LQIOXHQFH RQ WKH SHDN ILHOG FXUUHQW LV DOVR OLQHDU
ZLWK WKH RSHUDWLQJ ILHOG FXUUHQW DV VKRZQ LQ )LJ  7KH
OLQHDULW\RIWKHSHDNILHOGFXUUHQWYHUVXVWKHRSHUDWLQJILHOG
FXUUHQW DOWKRXJK VLPXODWHG IRU KLJK SRZHU +76*V 
0: DJUHH ZLWK WKH H[SHULPHQWDO UHVXOWV UHSRUWHG LQ >@
DQG >@ ZKHUH D PL[HG FRUHG +76* DQG DQ LURQ FRUHG
+76* RI  N: DUH WHVWHG XQGHU WKUHHSKDVH 6&&
5HVXOWVVKRZWKDWWKHLQFUHDVHLQWKHILHOGFXUUHQWLVKLJKHU
IRU WKH LURQFRUHG+76* WKDQ IRU WKHPL[HGDQGDLUFRUHG
+76*V)LJ7KHLPSRUWDQFHRIWKHVHUHVXOWVLVWKDWWKH\
DOORZ GHVLJQHUV WR GHWHUPLQH WKH DPRXQW RI H[WUD
VXSHUFRQGXFWLQJ PDWHULDO QHHGHG LQ WKH ILHOG ZLQGLQJ WR
DYRLGTXHQFKXQGHUDWKUHHSKDVHVKRUWFLUFXLWIDXOW
$FFRUGLQJ WR )LJ  DW UDWHG FRQGLWLRQ DQG XQGHU D
WKUHHSKDVHVKRUWFLUFXLW WKHVXSHUFRQGXFWLQJILHOGZLQGLQJ
VKRXOG HQGXUH DQ H[WUD  FXUUHQW WR NHHS LQ WKH
VXSHUFRQGXFWLQJ UHJLRQ IRU WKH LURQ FRUHG+76* ZKHUHDV
IRU D PL[HG RU DLU FRUHG +76* WKH VXSHUFRQGXFWLQJ
ZLQGLQJRQO\KDVWRHQGXUHDRYHUFXUUHQW


)LJ 2SHUDWLQJILHOGFXUUHQWYVSHDNILHOGFXUUHQW
9 ,1)/8(1&(2)7+(6+257&,5&8,7&/($5,1*7,0(21
3($.$50$785($1'),(/'&855(176
&LUFXLWEUHDNHUVDUHRQHRIWKHPRVWFRPPRQGHYLFHVWR
SURWHFW HOHFWULF SRZHU V\VWHPV 7KH WLPH WKDW D FLUFXLW
EUHDNHUQHHGV WRFOHDUD IDXOW LQIOXHQFHV WKHSHDNYDOXHRI
WKH DUPDWXUH DQG ILHOG FXUUHQWV ZKLFK D +76* KDV WR
HQGXUH
,Q WKH SUHYLRXV VHFWLRQV WKH LQFUHDVH RI WKH SHDN
DUPDWXUH DQGSHDN ILHOG FXUUHQWV ZKHQ D WKUHHSKDVH VKRUW
FLUFXLWRFFXUVZLWKRXW WKH LQIOXHQFHRIFLUFXLWEUHDNHUVKDV
EHHQGLVFXVVHG3ULFHRI+76VXSHUFRQGXFWLQJPDWHULDOV LV
FXUUHQWO\ KLJK 7KHUHIRUH LW PLJKW EH SUHIHUUHG WR
GLVFRQQHFWWKH+76*IURPWKHSRZHUV\VWHPUDWKHUWKDQWR
DGG H[WUD VXSHUFRQGXFWLQJ PDWHULDO WR JXDUDQWHH WKDW WKH
ILHOG ZLQGLQJ NHHSV RSHUDWLQJ LQ WKH VXSHUFRQGXFWLQJ
UHJLRQ7KLVFDQEHDFKLHYHGE\HPSOR\LQJFLUFXLWEUHDNHUV
+RZHYHU GLVFRQQHFWLQJ WKH PDFKLQH IURP WKH SRZHU
V\VWHPZRXOGQRWSUHYHQWWKHSHDNDUPDWXUHDQGSHDNILHOG
FXUUHQWV IURPRFFXUULQJ7KHSHDNDUPDWXUHDQGSHDNILHOG
FXUUHQWV ZLOO GHSHQG RQ KRZ ORQJ WKH FKRVHQ FLUFXLW
EUHDNHUV QHHG WR EH GLVFRQQHFWHG IURP WKH SRZHU V\VWHP
DIWHUWKHIDXOW
7KLVVHFWLRQGHDOVZLWKWKLVSUREOHP7RVWXG\WKHHIIHFW
RI FLUFXLW EUHDNHUV RQ WKH SHDN DUPDWXUH DQG SHDN ILHOG
FXUUHQWV WZR FRPPHUFLDO FLUFXLW EUHDNHUV DUH FKRVHQ 7KH
ILUVWEUHDNHULVPDQXIDFWXUHGE\(DWRQDQGLWLVDEOHWRFOHDU
D VKRUW FLUFXLW LQ  PV >@ 7KH VHFRQG EUHDNHU LV
PDQXIDFWXUHGE\$%%DQGLWLVDEOHWRFOHDUDVKRUWFLUFXLW
LQPV >@7KHVWXG\RI WKH LQIOXHQFHRI FOHDULQJ WLPH
RQWKHSHDNFXUUHQWVLVFDUULHGRXWWKURXJKWKUHHVLPXODWLRQV
IRU HDFK VWXGLHG +76* ,Q HDFK VLPXODWLRQ WKH +76* LV
ZRUNLQJDW WKH UDWHG FRQGLWLRQVEHIRUH VKRUWFLUFXLW RFFXUV
DWVHFRQGV7KHQIRUWKHILUVWVLPXODWLRQDFOHDULQJWLPH
HTXDO WR  PV (DWRQ FLUFXLW EUHDNHU LV VHW 7KH VHFRQG
VLPXODWLRQVHWVDFOHDULQJWLPHHTXDOWRPV$%%FLUFXLW
EUHDNHU )RU FRPSDULVRQ D WKLUG VLPXODWLRQ ZLWK D PXFK
ORQJHUFOHDULQJ WLPHHTXDO WRVHFRQGV WKUHHHOHFWULFDO
F\FOHVRIWKH+76*LVGRQH
$ ,QIOXHQFHRQ$UPDWXUH&XUUHQW
7KH YDULDWLRQV RI WKH DUPDWXUH FXUUHQW ZKHQ D WKUHH
SKDVH VKRUW FLUFXLW KDSSHQV IRU ,URQ 0L[HGDQG$LU FRUHG
+76*V UHVSHFWLYHO\ DUH VKRZQ LQ )LJ  IRU WKUHH
GLIIHUHQW FOHDULQJ WLPHV 7KH EOXH VTXDUHV UHSUHVHQWV WKH
WKUHHSKDVHVKRUWFLUFXLWFXUUHQWYDULDWLRQIRUDIDXOWFOHDUHG
LQVHF+RZHYHU WKH UHGFURVVHVDQGEODFNGLDPRQGV
UHSUHVHQW WKH IDXOW FOHDULQJ WLPH RI  PV DQG  PV
UHVSHFWLYHO\

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+76* '7FVHF
3HDNDUPDWXUH
FXUUHQWYDOXH
SX
7LPHRISHDN
DUPDWXUH
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VHF
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
)LJ $UPDWXUHFXUUHQWYDULDWLRQD ,URQFRUHGE0L[HGFRUHGDQG
F$LUFRUHG+76*

7DEOH ,,, VKRZV WKH QXPHULFDO UHVXOWV RI VLPXODWLRQV
ZKHUH'7F LV WKH IDXOW FOHDULQJ WLPH ZKLOH'7S LV WKH WLPH
IRUDUPDWXUHFXUUHQWWRUHDFKLWVSHDNYDOXH7KHQXPHULFDO
UHVXOWV VKRZ WKDW IRU DQ LURQ FRUHG +76* ERWK FLUFXLW
EUHDNHUVUHGXFHWKHSHDNDUPDWXUHFXUUHQWE\DURXQG
IURPWRSX7KHUHIRUHWKHUHLVQRLQIOXHQFHRQ
WKH SHDN DUPDWXUH FXUUHQW ZKHQ WKH FOHDULQJ WLPH RI WKH
FLUFXLWEUHDNHULVHTXDORUOHVVWKDQPV)LJD,IWKH
VKRUW FLUFXLW LV FOHDUHG LQ WKUHH HOHFWULFDO F\FOHV 
VHFRQGVWKHUHLVQRUHGXFWLRQLQWKHSHDNDUPDWXUHFXUUHQW
FRPSDUHG WR WKH SHDN DUPDWXUH FXUUHQW IRU D SHUPDQHQW
VKRUWFLUFXLW7DEOH,,
,Q WKH FDVHRI PL[HG DQG DLU FRUHG +76*V WKH UHVXOWV
VKRZWKDWRQO\WKHIDVWHVWFLUFXLWEUHDNHUPVLVDEOHWR
UHGXFH WKHSHDNDUPDWXUHFXUUHQWE\ IURP
WR  SX DQG E\  IURP  WR  SX
UHVSHFWLYHO\:KHUHDVLIWKHVKRUWFLUFXLWLVFOHDUHGLQPV
RUPRUHWKHUHLVQRUHGXFWLRQLQWKHSHDNDUPDWXUHFXUUHQW
DVFRQILUPHGLQ)LJE)LJFDQGLQ7DEOH,,,
% ,QIOXHQFHRQ)LHOG&XUUHQW
7KH XVH RI FLUFXLW EUHDNHUV WR FOHDU WKH IDXOW DOVR KDV
LQIOXHQFHRQWKHYDOXHRIWKHSHDNILHOGFXUUHQW
$V LQ WKH SUHYLRXV VXEVHFWLRQ WKH VDPH FDVHV DUH
VWXGLHGEXWQRZIURPWKHSHDNILHOGFXUUHQWSRLQWRIYLHZ
7KHYDULDWLRQRIWKHILHOGFXUUHQWXQGHUDWKUHHSKDVHVKRUW
FLUFXLWIDXOWLVVKRZQLQ)LJIRUWKHWKUHH+76*7DEOH
,9 VXPPDUL]HV WKH LQFUHDVH RI WKH SHDN ILHOG FXUUHQW DV D
IXQFWLRQ RI WKH IDXOW FOHDULQJ WLPH IRU HDFK +76* 7KH
UHVXOWV VKRZ WKDW WKH XVH RI FLUFXLW EUHDNHUV IRU WKH LURQ
FRUHG +76* LV DEOH WR UHGXFH WKH SHDN ILHOG ZLQGLQJ
FXUUHQW E\ DURXQG  IURP  WR  SX LH
UHJDUGOHVVWKHFLUFXLWEUHDNHUFKRVHQ


)LJ )LHOGFXUUHQWYDULDWLRQD,URQFRUHGE0L[HGFRUHGDQGF$LU
FRUHG+76*

)RU WKH PL[HG DQG DLU FRUHG+76*V WKH UHGXFWLRQV LQ
WKH SHDN ILHOG FXUUHQW DUH PXFK VPDOOHU WKDQ WKDW IRU WKH
LURQ FRUHG FRXQWHUSDUW LW LV DERXW  IURP  WR
SXDQGIURPWRSXUHVSHFWLYHO\
IRU WKH VORZHVW FLUFXLW EUHDNHU ZLWK D FOHDULQJ WLPH RI 
PV7KHUHGXFWLRQRIWKHSHDNILHOGFXUUHQWFDQEHLQFUHDVHG
E\XVLQJ WKH IDVWHVWFLUFXLWEUHDNHUZLWK DFOHDULQJ WLPHRI
PVXSWRUHGXFWLRQIURPWRSXDQG
DQUHGXFWLRQIURPWRSXUHVSHFWLYHO\
8QOLNH LQ WKH SUHYLRXV VXEVHFWLRQ WKH XVH RI FLUFXLW
EUHDNHUVUHGXFHVPRUHVLJQLILFDQWO\WKHSHDNFXUUHQWIRUWKH
LURQ FRUHG +76* WKDQ WKDW IRU WKH PL[HG RU DLU FRUHG
+76*

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7LPHRISHDN
ILHOGFXUUHQW
VHF
'7S
VHF
,URQ
&RUHG
   
   
   
0L[HG
&RUHG
   
   
   
$LU
&RUHG
   
   
   

9, &21&/86,216
7KLV SDSHU KDV PDGH D FRPSDUDWLYH VWXG\ RI WKH
LQIOXHQFHRIWKHILHOGZLQGLQJFRQWURORQWKHSHDNDUPDWXUH
DQG SHDN ILHOG ZLQGLQJ FXUUHQWV IRU WKUHH  0: +76*V
,URQ 0L[HGDQG$LU FRUHG ,W LV FRQFOXGHG WKDW WKH ILHOG
ZLQGLQJ FRQWURO KDV QR LQIOXHQFH RQ WKH SHDN FXUUHQWV IRU
LURQ FRUHG +76* DQG D YHU\ OLWWOH LQIOXHQFH a
UHGXFWLRQRI WKHSHDNFXUUHQWVRQWKHPL[HGDQGDLUFRUHG
+76*V 5HJDUGLQJ WKH IDXOW ULGH FDSDELOLWLHV LW KDV EHHQ
VKRZQ WKDW D PRUH FRPSOLFDWHG FRQWURO ILHOG VWUDWHJ\
WRJHWKHU ZLWK D UHYHUVLEOH ILHOG FRQYHUWHU FRQWURO VWUDWHJ\
 LV XQDEOH WR SURYLGH WKH LURQ FRUHG +76* ZLWK WKH
QHFHVVDU\IDXOWULGHFDSDELOLW\+RZHYHUIRUPL[HGDQGDLU
FRUHG +76* VXFK VWUDWHJ\ LV DEOH WR UHGXFH WKH ILHOG
ZLQGLQJFXUUHQWWRDFFHSWDEOHOHYHOV7KHPDLQGUDZEDFNRI
WKHFRQWUROVWUDWHJ\FRPSDUHGWRWKHRWKHUWZRVWUDWHJLHV
LVWKHFRVW
6HFRQGO\WKHLQIOXHQFHRIWKHRSHUDWLQJILHOGFXUUHQWRQ
WKH SHDN DUPDWXUH DQG ILHOG FXUUHQW KDV EHHQ VWXGLHG
5HVXOWV VKRZ WKDW WKH YDULDWLRQV RI ERWK SHDN FXUUHQWV DUH
OLQHDU ZLWK WKH RSHUDWLQJ ILHOG FXUUHQW )XUWKHUPRUH WKH
YDOXHVRIWKHSHDNDUPDWXUHFXUUHQWDUHKLJKHUIRUWKHPL[HG
DQG DLU FRUHG +76*V WKDQ WKDW IRU WKH LURQ FRUHG +76*
7KHSHDNILHOGFXUUHQWLVDOVROLQHDUZLWKWKHRSHUDWLQJILHOG
FXUUHQW EXW LQ WKLV FDVH WKH LQFUHDVH LQ WKH ILHOG FXUUHQW LV
KLJKHU IRU WKH LURQ FRUHG +76* WKDQ WKRVH IRU WKH PL[HG
DQG DLU FRUHG FRXQWHUSDUWV $OWKRXJK WKH UHVXOWV DUH
REWDLQHG E\ WKH VLPXODWLRQV RI KLJK SRZHU +76*V WKH\
VWLOODJUHHZLWKWKHSUHYLRXVODERUDWRU\ILQGLQJVIRUVPDOOHU
SRZHU+76*V7KHLQIOXHQFHRIWKHRSHUDWLQJILHOGFXUUHQW
RQWKHSHDNILHOGFXUUHQWDOVRDOORZVGHVLJQHUVWRGHWHUPLQH
WKHDPRXQWRIH[WUDVXSHUFRQGXFWLQJPDWHULDOQHHGHGLQWKH
ILHOGZLQGLQJWRDYRLGTXHQFKXQGHU6&&
)LQDOO\ WKH LQIOXHQFH RI WKH FOHDULQJ WLPH LV DQDO\]HG
IRUWZRGLIIHUHQWFLUFXLWEUHDNHUV,WKDVEHHQVKRZQWKDWIRU
WKH LURQ FRUHG +76* WKH SHDN DUPDWXUH FXUUHQW FDQ EH
UHGXFHG E\  :KHUHDV IRU WKH PL[HG DQG DLU FRUHG
+76*WKHUHGXFWLRQVLQSHDNDUPDWXUHFXUUHQWDUH
DQGUHVSHFWLYHO\5HJDUGLQJWKHSHDNILHOGFXUUHQW
WKHUHGXFWLRQIRUWKHLURQ+76*LVDQGVPDOOHUIRU
WKHPL[HGDQGDLUFRUHG+76*IRUWKHEHVW
VFHQDULR )XUWKHUPRUH WKH LURQ FRUHG +76*V DUH OHVV
UHVWULFWLYHZLWKWKHFOHDULQJWLPHVLQFHFLUFXLWEUHDNHUVZLWK
PVRIFOHDULQJWLPHFDQDFKLHYHWKHVDPHUHVXOWVDV WKH
FLUFXLWEUHDNHUVZLWKPVFOHDULQJWLPH+RZHYHUIRUWKH
PL[HGDQGDLUFRUHG+76*VWKHUHVXOWVKDYHVKRZQWKDWWKH
VPDOOHUWKHFOHDULQJWLPHWKHEHWWHU
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